Abstract. Carici humilis-Centaureetum rupestris association is one of the most widespread types of pasture in Istria and of great environmental and economic interest. The research aims were to test if forage quantity, nutritive value and functional composition (grasses and grass-like, legumes, and forbs percentage) of these pastures change significantly in relation to: time of the growing season, management type (low use intensity grazing/grazing abandonment) and topographic variables. During 2008, phytomass samples were collected in grazed and ungrazed pastures of Ćićarija (Croatia), in May, June, and September. Their composition in dry matter, ash, crude protein (CP), neutral and acid detergent fiber (NDF, ADF), acid detergent lignin (ADL) and in-vitro dry matter digestibility (IVDMD) were determined and net energy for lactation (NEL) and yield NEL were calculated. These variables followed a double trend, linked to the phenological phases of grasslands and to a land use/topographic gradient. Yield, yield NEL, dry matter, NDF, ADF and ADL increased during the growing season, while CP, NEL and IVDMD decreased. Yield, yield NEL, grasses and forbs, ash, and IVDMD were tied to the ungrazed pastures spread on the slopes, while ADF, ADL and dry matter had stronger correlation with grazed grasslands spread on the flat lands.
Introduction
Throughout Europe, owing to their low agricultural productivity (Willems, 1990 ; van Dijk, 1991), semi-natural calcareous grasslands are in strong decline in extension and threatened by abandonment (Luick, 1998; Zervas, 1998 
Material and methods

Study area
The study area (about 1000 ha) is located at the north of the Istrian Peninsula, on the Ćićarija mountainous plateau (45° 29' 56''-45° 30' 00''N, 13° 59' 54''-14° 00' 29''E), ranging from 550 to 650 m a.s.l.
The climate is transitional between Mediterranean and continental pre-Alpine, with cool, rainy winters and long, dry summer periods (Poldini, 1989) . Precipitation is about 1400 mm/yr, most of which falls in autumn; a less pronounced secondary peak occurs as spring turns to summer. From a bioclimatic viewpoint, the study area belongs to the submediterranean belt (Kaligarič, 1997) and the epimediterranean zone of the mediterranean-mountain vegetation belt (Čarni, 2003) .
The bedrock consists of limestone; soils are generally brown, shallow and clast-rich. Pastures, formerly grazed by 160 000 sheep, are for the most part undergrazed because of low density of grazers (nowadays there are less than 200 sheep, few cattle heads and horses) or completely abandoned, while meadows are not regularly mown or, in some cases, originate from seeded meadows.
The pastoral landscape is characterized by pastures and meadows, referred to as 
Experimental design and data collection
Within homogeneous macro-environmental conditions (submediterranean bioclimatic belt and limestone bedrock), we selected two localities characterised by different land use histories: Slum pastures (hereafter named "Pasture 1", 550 m a.s.l) subjected to low intensity use (0.5-1 sheep per ha) referred to as the Carici humilisCentaureetum rupestris association, and Vodice pastures (hereafter named "Pasture 2"; 650 m a.s.l.) abandoned since 30-40 years ago, referred to as the Brachypodium rupestre variant of the above-mentioned association.
During the 2008 growing season, samples of phytomass (fresh green matter) were mown with the quadrat method (Whalley and Hardy, 2000) , after the summer drought period). During dormancy of vegetation (winter period) samples were not collected. Sampling was done by cutting all herbaceous vegetation at 5 cm above soil level, and immediately manually separated into the botanical functional groups: grasses and grass-like species (incl. Poaceae, Cyperaceae and Juncaceae), legumes (Fabaceae) and forbs (all other dicotyledonous families) and weighed. Then the grassland samples, placed in individual paper bags and transported to the laboratory, were dried for 48 h in a 50 ºC oven, ground with a Cyclotec 1093 mill (FOSS Tecator, Höganäs, Sweden), through a 1 mm sieve and stored until further analysis.
Analytical methods
Each sample was analysed with regard to: aboveground fresh phytomass (g/m 2 ) of fresh matter; forage chemical composition in dry matter (g/kg DM); crude ash, crude Kosic et 
Statistical analysis
We assessed distribution normality and variance homogeneity of data using the Kolmogorov-Smirnov and Levene tests, respectively. We performed ANOVA and ttests when data met the assumptions required for parametric tests and Kruskal-Wallis and Mann-Whitney U-tests when data did not, to understand which variables were significantly different (p < 0.05) between the two relevé groups (low intensity use pastures and abandoned pastures) at each time (spring, summer, and autumn) and among times inside each group. In the latter case pairwise comparisons (t-tests and Mann-Whitney U-tests) between times were run when ANOVA or Kruskal-Wallis test, respectively, detected significant differences (p < 0.05) among times; the Holm correction for multiple comparisons was used to avoid Type I error.
To identify the main gradients of variation, the relations among the collected data on yield, botanical functional groups (fresh matter) and forage feed value (response variables), and between response variables and explanatory variables, we performed Canonical redundancy analysis (RDA) of the "plots-by-response variables" matrix, constrained by the type of management (abandoned and low use intensity pasture), the time of growing season (May, June, and September), altitude, slope angle, slope aspect, and land form (flat land, slope with concavity). Prior to RDA, the response variable data were standardized.
We used the STATISTICA software (Statsoft Inc. 2005 ) to perform the statistical tests, and R, version 2. 
Results
Productivity of Carici humilis-Centaureetum rupestris
Content of dry matter, phytomass yield and yield net energy for lactation (NEL) of pastures referred to as Carici humilis-Centaureetum rupestris are presented in Table 1 . The results indicate that dry matter of forage increased from spring to autumn; significant differences (p < 0.05) were recorded: at each time between grazed and ungrazed pastures, and in both the land use types between September and the other phases of the growing season. Abandoned pastures had higher average yield and yield NEL. Yield peaked in June in both types of management, but differences were significant only in autumn. Yield NEL did not show significant differences between the two types of land use in any considered phase of the growing season. 
Proportion of grasslands botanical functional groups
The contribution of functional groups varied in the two types of management ( Fig.  1) . During the growing season, in the grazed pastures (P1) average mass fraction of grass and grass-like plants slightly increased, forbs slightly decreased, and legumes remained substantially unchanged. In the abandoned pastures (P2) between summer and autumn the sudden decrease of forbs group caused high increase of grass and grass-like group.
The two pastures did not show significant differences in the amount of legumes and forbs fresh matter during the whole growing season. The share of grass/grass-like plants and forbs diverged significantly (p < 0.01) in September (Fig. 1) .
Relation among phytomass production, forage nutritive value and environmental variables
The first axis of RDA, performed using altitude, aspect, slope angle, land form, type of land use and time of the growing season as explanatory variables, explained the 51.9% of the constrained variance and was linked to the time of the growing season; The second axis explained the 27.0% of the variance and was mainly linked to a land use gradient (Fig. 2) which, in turn, was correlated to topographic factors (particularly altitude). More specifically, abandoned pastures were positively correlated to higher Kosic et Yield, dry matter and the variables linked to forage feed value, followed a double trend, linked to the phenological phases of grasslands and to the land use/topographic gradient: higher yield, yield NEL, DM, ADF and ADL were related to the second half of the growing season, while greater CP, NEL and IVDMD to the first phenological phases. Yield, yield NEL, ash and IVDMD were tied to the ungrazed pastures spread on the slopes, while ADF, ADL and DM had stronger correlation with grazed grasslands of flat lands. DM, NDF, ADF, and ADL were negatively correlated to CP content, NEL and IVDMD. The greater amount of grasses/grass-like plants and forbs (fresh matter) was found in abandoned pastures.
Forage nutritive value of North Adriatic pastures
The pastures of the study area have an average low CP content (90.39 g/kg DM) and a high content of fiber fractions: NDF (601.34 g/kg DM), ADF (368.87 g/kg DM), low IVDMD (49.52 %), and low NEL (4.57 MJ/kg). CP content ranges from 62.62 to 129.08 g/kg DM, NDF from 557.87 to 674.24 g/kg DM, IVDMD from 459.26 to 536.78 g/kg DM, and NEL from 4.1 to 5.4 MJ/kg DM.
In May, grazed and ungrazed pastures differed significantly in CP (greater in P2) and ADF (greater in P1). In June additional differences were recorded also in ash content and in IVDMD (both greater in P2), while the only significant difference in September was highlighted for ash ( Table 2) . 
Table 2. Average values  Standard deviation of crude ash (Ash), crude protein (CP), neutral detergent fiber (NDF), acid detergent fiber (ADF), acid detergent lignin (ADL) content, net energy for lactation (NEL), and in-vitro dry matter digestibility (IVDMD), measured during the growing season in the pastures of Carici humilis-Centaureetum rupestris association with different types of management (P1: Slum, low use intensity pasture; P2: Vodice, abandoned pasture). Significance values from ANOVA or KruskalWallis test (p) (comparisons among times during the growing season in each locality) and from t-test or Mann-Whitney U-test (p may, june, sept ) (comparisons between localities at each time) are indicated. Values within the same column with the same superscripts do not differ significantly between times in each locality. Pairwise comparisons were not performed when ANOVA or Kruskal-Wallis test did not highlight significant differences (p ≥ 0.05).
Ash
Discussion
The research outcomes highlighted that the variables which define the quantity and quality of forage, follow a main gradient related to the phenology of the grassland community. In fact, we observed a general trend during the growing season, characterised by the increase in dry matter, fiber (NDF and ADF) and lignin (ADL) content, and the decrease in NEL, IVDMD and CP. Thus, pastures provide more digestible and high quality value forage in spring, when plants are still young. The forage quality declined during the growing season because of the increase in fibers and lignin content, which is responsible for the relative increase in dry matter, and reducing the energy available per mass unit. The increase in fiber is in accordance with Pérez Corona et al. (1994) and Heitschmidt et al. (1995) who related the stage of maturity of plants and age of tissue to the NDF content, which increases in older tissue. We detected also a significant decrease in crude protein content from May to September. This is consistent with Kirby et al. (1989) and Vázquez de Aldana et al. (2000) who observed that the crude protein content declines with stage of maturation. Considering that 6-8% of crude protein is considered as a threshold, below which either the intake or digestibility of forage falls off, and animal maintenance requirements are not met (Milford and Minson, 1965; Tamminga et al., 1979; Nocek and Russell, 1988) , pastures Kosic et The RDA highlighted a second gradient linked to land use. More specifically, abandonment of North Adriatic grasslands is related to the higher altitudes and steeper south-east-facing slopes, while grazing, although with low intensity, persists on flat lands. A similar spatial trend of abandonment was recorded also in the Apennine ridge (Bracchetti et al., 2012; Catorci et al., 2012a) .
The ungrazed pastures analysed were particularly related to grasses and grass-like plants. This observation is consistent with the results of previous research carried out in North Adriatic grasslands which highlighted a species change in the community, due to the triggering of dynamic successional processes as a consequence of management abandonment (Vitasović Kosić et al., 2011). In particular, it was acknowledged that this change was caused mainly by the spread of Brachypodium rupestre, a competitive stress-tolerant graminoid which quickly spreads by means of rhizomes (Grime et al., 1988 ) and tends to form extensive patches (Catorci et al., 2013a) . The invasion of Brachypodium species in abandoned grasslands is widely documented throughout Europe (e.g. Buckland It is known that abandonment may change the main parameters affecting the forage quantity/quality (Pavlů et al., 2006) . In fact, in the study case, yield differed between grazed and ungrazed pastures (average values of 4.62 and 5.66 g/m 2 , respectively), diverging significantly in the later stage of the growing season ( Table 1) . The results indicate that in ungrazed pastures, yield and yield NEL increased significantly from May to June, when Brachypodium rupestre is in full growth, reaching its peak in phytomass and the optimal period for reproduction before the summer drought period. This may account for the greater phytomass values of ungrazed pastures than in grazed ones. Indeed in the study area, the cover of Brachypodium rupestre may be greater than 50% (Vitasović Kosić et al., 2012). Moreover, in more productive undisturbed grasslands species do not allocate resources to produce antiherbivore defence structures, but devote them to new photosynthetic tissue (Coley et al., 1985) . This may account for the lower fiber and lignin content, and the related higher values of IVDMD, recorded in abandoned pastures.
The higher forage digestibility and CP content may be substantially ascribed to the forb and legume functional groups; instead grass and grass-like species are more related to fibers and lignin content (Fig. 2) . Indeed, it is known that most of the non-grass species have lower fiber content than the grasses and are highly digestible (Mojo et al., Kosic et (Peeters and Janssens, 1998) . Also forbs showed a greater amount of fresh matter in summer (Fig. 2) . This is consistent with Ramirez and Nunez-Gonzalez (2006), who observed that relatively high proportion of forbs in summer helps to maintain nutrients, moisture and yield of grasslands during the summer drought, contributing to maintain the stability of nutritive value of semi natural grassland throughout the growing season.
Moreover, the abandoned condition and the amount of grass, was mainly linked to south-east facing slopes. This is in accordance with Peco et al. (2012) and Catorci et al. (2013b) who argued that, in the most stressing submediterranean habitats such as southerly aspects, which experience a summer drought stress period, the spread of grasses is promoted by the absence of herbivory.
Grazing is positively related to lignin and fiber content and negatively related to NEL, yield, yield NEL, and IVDMD. Indeed plants respond to herbivory reducing the probability and severity of grazing by changing tissue chemistry, growth rate, morphology and resource allocation (Belsky, 1986 
Conclusions
Pastures of Ćićarija are very valuable for their high potential production, their good nutritional value (especially for the spring protein content and digestibility), and their high plant diversity; therefore, special attention should be paid to their protection and conservation through management measures, such as maintaining a general low pressure of grazing by means of grazing rotation, to prevent the process of secondary succession and the spread of unpalatable competitive tall grasses at a landscape level.
As factors which affect plant diversity affect yield and nutritive value of grassland as well (White, 1983) , knowing the phytomass production and the forage nutrient content of pastures is the first step in predicting the minimum number of herbivores required to maintain the optimal plant diversity of Ćićarija.
The results of this research could allow the draft of the guidelines for a comprehensive and optimal management of grasslands, not only in the study area, but also in other submediterranean areas where Carici humilis-Centauretum rupestris association spreads. This can contribute to the improvement of the sheep production and its high-value products (milk, meat and cheese) and, at the meantime, to the preservation of the diversity of flora and grassland vegetation in Croatia and Europe.
